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A symposium on Vehicle Ride Quality, sponsored by NASA, was held at the
Langley Research Center, Hampton, Virginia, July 6-7, 1972.

The purpose of the <ymposium was to apprise the Government s transporta-
tion industry, and university community of the current state of the art of
rassenger ride-quality technology and to improve the degree of complementary
effort between investigators. The symposium consisted of a review of technology
covering ride quality and ride-quality criteria for passenger-carrying vehicles
including surface vehicles as well as aircraft. Also included were several
panel discussions dir:cted toward how best to structure and implement experi-
ments so that findings relate to real-world situations of public transportation.
The deliberaticas of these panels are not included in this publication.

Contributions to this publication were made by representatives from NASA
R Langley and Flight esearch Cemters » Naval Aerospace Medical Institute, USAF
p I3 Aerocpace Medical Fesearch Laboratory, The Boeing Company, McDonnell Douglas
Corporation, United Aircraft Corporation, United Aircraft Research Laboratories,
SR B Princeton University, University of Dayton, and University of Virginia.
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RIDE-QUALITY OVERVIEW

¥

2 By Ralph W. Stonme, Jr.
e NASA Langley Research Center

INTRODUCTION N 7 é - 10 0 13

It is not my purpose today to justify the need for research in ride
: quality. I presume that those of us here recognize and are concerned for this
& need. It is sufficient to say that progress in air travel, as indicated by the
recent Civil Aviation Research and Development Policy Study (ref. 1), is such
that the problems of noise and congestion and the need for short haul trans-
portation will lead to conditions of flight at lower altitudes and requiring
more acute maneuvering than we currently experience. Such conditions will tend
to make ride comfort less acceptable than is offered by our current Jets.

I should like to review very briefly today
4 (a) What the problem of ride quality seems to be
. (b) What the current state of knowledge is
3 (c) What the deficiencies in this knowledge are
(d) What information seems to be required to overcome these deficiencies

and

. : (e) Some thoughts on ride quality criteria

HUMAN FACTCR ELEMENTS IN RIDE QUALITY

One first asks what is ride quality or what is passenger acceptance of a
o ride? I have seen no clear definition. I assume that what we are talking

' about is the passenger's feeling of well being in the current situation of the
ride and his contentment with his accumulated experience during the entire ride.

"

Figure 1 lists the varicus elements that relate to the fundamental probe-
lems of ride acceptance. There are the basic physical factors that define the
total environment that the passenger. experiences and those that define his
intended activity. -
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The physical factors define the dynamics of motions involved as well as
other environmental factors and the cabin arrangements.

There are also, of course, psychological factors; such as the fear of
flying, the purpose of flying, and many others. These T will not discuss today,
although they are highly significant.

In the course of the next two deys, programs will be presented that relate
to most of the elements listed for, as you know, considerable effort has been
applied to many of them. The area of greatest concern, however, as it is being !
brought into predominance by the trends and needs for eirplane transportation
tggt{ngp mentioned earlier, is the area of the dynamics of the ride.

> et

Yo . o W .

CURRENT KNOWLEDGE

Iet us then, examine very briefly and only partially, because of time
limitations, the current knowledge relative to the dynamics of the flight
environment and how it applies to passenger acceptance.

In general, because of maneuvering, turbulence, buffet, and aircraft
systems operations; oscillations ranging from fractions of a Hertz to 60 or
more Hertz can be experienced by most aircraft (fig. 2). At the low range
vestibular-visual disturbances are expected and motion sickness is possible.
In a range above 1 Hertz, resonance of body components and relative motions of
them may occur and cause annoyance and even pain. At frequencies generally
above 10 Hertz, body vibrations occur and these too can be most annoying.

A great number of studies have been made over the last se aral years
(these are to a great extent summarized in reference 2) and a brief summary will
be shown in the next three figures.

Figure 3 is u limited sumary of representative information about the
effects of oscillations along (parallel to) the long body axis. The dotted
lines show some typical experimental results and represent a progressive
intolerance to oscillations as their megnitude increases. Also shown are some
current criteria for U. S. Military aircraft and those proposed by the British
and Japanese for passenger acceptance primarily for railroad comfort. It is
interesting to note that these criteria are relatively near the experimental
data representing unpleasantness.

.-~

The lower set of curves shown were suggested by Dr. von Gierke and his .
colleagues some years ago (ref. 3) and still represent potential criteris.
They are appreciadbly lower than the other criteria.

The hatched area in the frequency range frum 0.1 to 1 Hertz is where
motion sickness may occur. The magnitudes of wmotion required to elicit sickness
are not defined. Motion sickness is a complex psychophysiologicul process
vhich runs the gamut from sweating to vomiting (see for example ref. 4). The
magnitudes of oscillations required to elicit a first level of nonacceptance
are not known.

2




As noted previously, this information deals with vertical motions.
Figure 4 is for lateral or transverse oscillations.

Much less information exists for the transverse situation than for the
vertical. Shown only are some proposed criteria of the British and Japenese
which are companion criteria to those shown in figure 3. It is apparent that
there is not unenimity as to what the criteria should be. It is also evident
that tolerance for lateral oscillations is lower than for vertical oscillations,
possibly being about one half as great.

Another point not distinguished in these two previous figures is the
influence of the length of exposure and the frequency of exposure to oscillatory
motion on the acceptability of a ride.

Figure 5 shows the influence of time of exposure on the magnitude of
acceptable oscillations. This is rather limited information but shows s rapid-
1y decreasing acceptability with "flight time"(see refs. 2 and 5). These
proposals show some differences of opinion relative to what the real criteria
might be.

In addition to the information shown, it must be pointed out that the
International Standards Organization has for a number of years been endeavoring
to establish a unified standard for the effects of vibrations on man.
Recommendations will be made treating the problems of safe exposure, fatique
decreased performance, and reduced comfort (ref. 6). Dr. Ashley of England has
introduced an interesting contribution for the study of vibrations on man in
connection with the International Standards Studies (ref. 7). He suggests
using a random vibration spectrum as a datum for matcring with sinusoidal
vibrations to establish contours of constant annoyance. He shows for a standing
man minimum sensitivity near 1.7 Hertz with increasing sensitivity at lower
frequencies where motion sickness has been suggested to be a problem. He shows
also an extension of maximum sensitivity out to about 15 Hertz, which is
different than has been suggested in the past.

This has been a very cursory review of the state of current knowledge.
What are the deficiencies in this state of knowledge.

Figure 6 lists same of these deficiencies.

(a?u;he data generally available, are primerily for males of flight crew
type, hardly representative of the general riding population for which we are
concerned.

(b) The sensitivity to motion of the subjects used is generally not
available.

(c) The results to date are generally for vertical oscillations and for
exposures to discrete frequencies, not at all representative of the random
character of natural flight phenomena.

(d) There is little available information of acceptable maneuvering limits.
That is, the rates of rolling, turning and pitching and the magnitudes of the
attitudes of roll or pitch.

and finally,
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(e) There is only a limited amount of data correlating flight data on the
dynamics of flight with subjective impressions of the flight.

STUDY REQUIREMENTS FOR HUMAN FACTORS IN RIDE QUALITY

What, then,are the requirements for study relative to the human factors
aspects of ride quality in view of the deficicncies Just seen.

On figure 7 are listed a number of possible study requirements.

(a) First, it is felt that the subjects used to study the problems of ride
quality should be representative of the population who will ride. Also, as they
will be the instruments vwhereby ride quality is neasured, their characteristics
particularly their sensitivity to motion should be known. Further, as exposure
of humans to environmental stress tends to brings about habituation, this
effect should be understood in the subjects used.

(b) The only source of the real motions of concern is found in real flight
and therefore, studies in flight are required. The actual random disturbances
and maneuvers and the corresponding subjective responses are necessary. The
influence of airline route structures » 8easons, and weather conditions as they
influence the frequency of disturbance encounters needs also to be understood.
In addition, proper instruments to measure the real environment experienced
and the subjective responses to the environmert along with the improved
computer programs to reduce and analyze these data are required. Tests on air-
borne simulators; that is, aircraft on which 3pecific disturbances can be
tested and evaluated, are necessury to validete knowledge gained in laboratory
tests and to verify criteria established.

(c) Lavoratory tests, it is felt, are recessary from the standpoint of
economics and for the ability to readily vary tests conditions and to identify
and isolate the components, magnitudes » and frequencies which are important.

“Papers to be presented later today will delineate currant programs and
plans for laboratory and field tests.

(4) For the design of aircraft havirg acceptable ride quality, what is
required are criteria which can be transliated into specific requirements for
airplane and control systems characterir.ilcs, seat and cabin design, and air-
line schedules and route structures. Such criteria as in all areas of research
must be based on sound, sudbciantial hypotheses, which for the case in point,
must relate to human responses to the environmental conditions expected. It
is felt that this development must be pursued and shoild include the develop-
ment of models invclving the dynamic responses of human bodily systems. Also in
all experimental processes where subjective data are obtained it must be
remembered that the quantification of subjective attitudes, the variability
among persons in the interpretation of what the experimenter desires when
recarding subjective attitudes, and the variability of each person's attitudes
with time is a wmost Aifficult and complex art.

(e) Pinally, studies to determine the processes by which the general
Public chooses its modes of transportation should be helpful. In this

SSPEAGIRTISN oS 0% SRS S, f5nty how savice, sntety (both rend
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As was noted earlier, the criteria that exist are based on limited data,
usually on exposures to a single degree of freedom and to discrete frequencies.

F e 8 lists some of the requirements for improved criteria. These are:

(a) The influence of transverse motions » partizularly lateral motions

(b) The second point relates to whether the exlstence of a lateral (or
fore and aft) motion reduces the level of acceptabil ity of a vertical motion and
vice versa

(c) The influence of a spectrum of frequencies in single and multiple
degrees of freedom needs definition

and

(d) finally the buildup and decay of annoyance us a function of the time
course of disturbance encounters must also be definec.

I should like now to briefly discuss a few thoughts on the subject of

criteria and then to suggest some criteria which may se points of departure
for future work.

Mathematical models using damped-spring mounted rasses have been developed
in the past for studying the responses of body systems to oscillations. All
such models of course show a maximum response (or streis) at the damped natural
frequency. This implies that larger disturtances are required at frequencies
other than the natural frequency to create the same response (or stress) as
occurs at the natural frequency. Curves of equal response (fig. 9) over @

frequency range are surprisingly similar in form to the experimental data and
eriteria presented earlier.

Relative to transverse oscillations some interesting information has been
obtained by Nickurson on the response of animal. organs to cscillations (ref. 8).
He noted that the maturel freyuencies of the internal boly systems to transverse
oscillations (front to back and sideways) were about twice as large as for
vertical oscillations, although the damping was only slightly different.

These results suggest a consideradbly modified demped spring model that is
multiply supported in the transverse motions while only singly supported in
vertical motions. Such a model may have higher natural frequencies and
larger stresses in the transverse motion as compared to the vertical.

Relative to the influence of multiple disturbances and of & spectrum of
frequencies as ie normally encountered in turbulence, one can only intuitively
feel that the presence of a second disturbance (or more) must reduce the
general tolerance. Studies using multiple disturbances and power spectral
densities of the Aisturdances with the corresponding subjective responses are
of course in order and subsequent papers will discuss such plans.

Finally we are concerned with the frequency of disturtance encounters.

Clearly one disturbance in an hour's flight is much less anaaying than 60
identical disturbances in the same f1ight.




On figure 10 is suggested a mechanism whereby the frequency of d’sturn.nce
may be evaluated. It assumes that annoyance of the disturbance has an irmedicte
onset and decays exponentially with time, much like other psychophy:iclogicel
mechanisms. In the top figure the dotted disturbance is below the sunoyance
level and would presumsbly not influence the opinion of a ride, whereas the
solid disturbance would. In the lower figure, the solid disturbances axic
spaced such that the full decay of one disturbance occurs before the next
disturbance is encountered and the acceptable annoyance lev:1 is unchanged. If,

. however, as illustrated by the dotted lines, the disturbances superpose on each
other, the acceptable annoyance level may decrease as shown. Possibly the
integral of annoying accelerations(above the acceptable level) with time and
decay would be indicative of the influence of the frequency of disturbance
encounters an acceptance.

This is only a suggested mechanism which may help in the interpretation
of data. Any other such concepts are much desired.

POSSIBLE CRITERIA FOR
HUMAN FACTOR IN RIDE QUALITY

I would now like to present some possible criteria which, as I noted
before, may be considered as points of departure for real criteria which,
hopefully, will evolve from programs in progress and planned.

Figures 11 and 12 treat the oscillatory environment. Figure 11 is for
vertical motions and oscillations and figure 12 is for transverse motions.

The very low frequencies (about 0.1 Hz) are really representative of
maneuvering conditions, except for the longitudinal phugoid, oscillations st
such low frequencies may not be encountered. On figure 11, the upper curve
represents positive accelerations and the lower represents negative accelerc-
tions. They are mirror images except for the maneuvering situation just
mentioned, where I believe that maneuvers causing accelerations of less than
1g are less acceptable than maneuvers causing positive g's. The motion
sickness area which is not at all well defined, as shown in figures 11 and 12,
depresses the boundarics in the region below 1 Hz. Whether this is a true
representation is not known, but nausea remains as s concern for future
aircraft and it will occur in this frequency range. The rest of the boundaries
are somewhat representative of criteria suggested in the past, except hey are
deprcssed somewhat because of concern for disturbances in multiple degrees of
freedom and with random inputs.

Much of what has been discussed deals with oscillatory disturbances. As
you recell, it was noted at the onset that maneuvering conditions, that is,
, rates of motions and attitudes of the aircraft, are also factors that may
influence the acceptance of a ride. .
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i Figure 13 is a plot of roll and pitch rates as a function of altitude.

}‘ Shown are possible bounderies above which the rates of motion mzy become
objectionable. These boundaries show a variation with altitude,as it is believed
& that the closer to the ground the aircraft is the less tolerant of angular motions
people may become. There is little data to justify the boundaries except

: g possibly the maximum roll rate. It is felt that pushovers (motions causing less
- ‘ than 1g condition) are less tolerable than pullups, a point mentioned

; earlier.

The attitudes of an aircraft, that is, the roll and pitch attitudes, ;
particularly near the ground, may be of concern to passengers as well as the .
rate of motion. Again, probably as the altitude decreases, this tolerance
may also decrease. No criteria are shown but they probably are neeced. No
specific hypothesis has, as yet, been devised, although rolling such that
the horizon disappears from view above or below your window and pitching
forward in descent such that your belt is necessary may be causes for concern.

An explanation for the possible limitation in roll rate just discussed is
shown on figure 14. Plotted is the rate of heed motion &s a function of
airplane angular velocity. The curves shown are curves of constant cross-
coupled angular accelerations, which occur when the head is moved in s
rotating environment. This factor has occurr=sd in flights and has caused
confusion and accidents. Such plots as this have been used in considering
problems of artificial gravity (ref. 9). It is clear that rapid head movements
in a repidly maneuvering aircraft can cause disturbances. The 20 degrees per

s f second line shows that a rapid head motion may cause a disturbance near
] but below the tolerable boundary. Any greater value could cause annoyance
and disorientation.
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CONCLUSIONS

N In conclusion, the status of ride quality, as it relates particulerly ’
O to the dynamics of the flight environment, has been briefly reviewed. Areas

IS of research necessary for the sttainment of proper criteria for acceptable N
B ride quality have been suggested and finally some possible criteris also have
e B been suggested as points of departure for future criteria development.
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PHYSICAL FACTORS

DYNAMIC
MOTION AND VISION IN TURBULENCE
MANEUVERS AND VIBRATIONS

ENVIRONMENTAL
NOISE, TEMPERATURE, HUMIDITY, AND ODCRS

HABITABILITY
SEAT SIZE AND SPACING
WINDOW SIZE AND LOCATION

ACTIVITY FACTORS

READING, TALKING, WRITING, AND THINKING
DRINKING AND EATING

DOZING AND SLEEPING

WALKING

Figure 1.~ Probable human factors elements in ride quality.
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Figure 2.~ The motion environment.
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Figure 3.~ Current ride quality boundaries based on exposure to discrete
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LIMITED SUBJECT TYPE

SUBJECTS NOT CALIBRATED FOR MOTION SENSITIVITY

DATA AND CRITERIA LIMITED GENERALLY TO VERTICAL MOTIONS

DATA AND CRITERIA LIMITED TO DISCRETE FREQUENCIES NOT TO
RANDOM CONCURRENT FREQUENCIES AS IS COMMON TO NATURAL
PHENOMENA

DATA AND CRITERIA FOR MANEUVERING LIMITS (ATTITUDES AND RATES)
NOT AVAILABLE

LIMITED QUANTITATIVE AND SUBJECTIVE DATA FROM ACTUAL FLIGHT
CONDITIONS

Figure 6.- Deficiencies of current knowledge.
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THE INFLUENCE OF TRANSVERSE MOTIONS AND OSCILLATIONS
THE INFLUENCE OF SIMULTANEOUS OSCILLATION IN MULTIPLE DEGREES
OF FREEDOM
Rs
THE INFLUENCE OF A SPECTRUM OF FREQUENCIES IN SINGLE AND
i MULTIPLE DEGREES OF FREEDOM
}; THE INFLUENCE OF THE TIME COURSE OF DISTURBANCE ENCOUNTERS AND THE
i THE BUILDUP AND DECAY OF ANNOYANCE ,
' !f Figure 8.~ Information requirements for ride quality criteria. "
\
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AN AIRCRAFT MANUFACTURER'S APPROACH
TO RIDEABILITY CRITERIA

By R. C. O'Massey, H. Leve,
and J. G. Gaume

Douglas Aircraft Company
McDonnell Douglas Corporation
Long Beach, California

SUMMARY N73-1001:1

This paper describes an overview of an aircraft manufacturer's approach
to Rideability. The paper is organized as follows:

The Current Ride Environment section describes the external and internal
environment in terms of vibration and acoustic sources and general response.

Rideability Design/Evaluation describes guide lines and criteria reflect-
ing current practice at Douglas,

Example Rideability Studies are presented representing an Analytical
Study (STOL Buffet), a Design Analysis Study (the rebounding airplane), and
Aeromedical Evaluation.

The last section describes the Douglas Aircraft Company ride research
plan showing present and future efforts to develop Rideability Criteria.

A Summary of Needs is presented listing identified needs for data,
criteria, and research in the various rideabili*y areas.

INTRODUCTION

Alrlines spend millicns of dollars annually in advertising campaigns,
personnel training, and in airport facilities to create an atmosphere of travel
luxary. Wide-bodied jets were introduced as a means of expanding this
luxury concept while capitalizing on advanced technologies in other areas,
The aircraft manufacturer has always had to maximise comfort in air travel
48 a :ecognised part of building a quality product and as a requisite to expand-
ing air travel. With the advent of the wide -bodied jets, and the need to offer
an improved psychological setting in terms of greater space and more free-
dom of movement for the pascengers during flight, came the requirement for
& commensurate improvement in vehicle ride quality. The need to achieve
improvements in rideability was clear, but the means to measure this quality
for design and evaluation purposes was not and is still not clear.

_One approach that was taken to mest the improvement in rideability was
to conduct an analytical review of the systems that dominated ride quality

(l.e., the landing-gear system ss an example) and derive the parameters and
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parameter values most contributory to ride response. These parameters and
their values were then compared to a contemporary aircraft baseline and
selected parameters were optimized in the design process. At times the
optimization included compromising one parameter value to achieve another.
For these cases design alternatives were developed so that the basic design
would not be "locked-in'' during the evaluation phase. The effect of following
this approach was to upgrade the rideability system design over contemporary
jet transport aircraft, but obviously could not account, in a measurable sense,
for the effect on the pilot, cabin attendants, and passengers,

In an effort to account for the human "factor' during design and flight
test evaluation, the approach which had been used for many years was for-
,mg,lized into a set of qualitative guidelines, a r